tion was linearly reduced with increasing pulse inclusion (P = 0.05). It is concluded that pea and faba bean may be a viable alternative to SBM in grower and finisher pig diets.
INTRODUCTION
Soybean meal (SBM) is often used as the main protein source in pig feed (Crepon, 2006; Jezierny et al., 2010) . In temperate environments, soybeans are difficult to cultivate and the pig industry relies heavily on imported SBM. There are increasing concerns about the sustainability and security of pig production if this raw material continues to be used at the current rate. There are also environmental concerns with SBM as the rapid increase in demand for soybean is associated with increasing demands of land use change (Fearnside, 2001) . Thus, there is a need to find a viable alternative protein source for pig diets. In temperate environments, grain legumes such as pea and faba bean are potential protein sources that could be considered for pig feed. ABSTRACT: To reduce reliance on imported soybean meal (SBM) in temperate environments, pea and faba bean may be alternative protein sources for pig diets.
Effects of dietary inclusion of pea and faba bean as a replacement for
We assessed the effects of dietary pea and faba bean inclusion on grower and finisher pig performance and carcass quality. There were 9 dietary treatments tested on both grower (30 to 60 kg) and finisher (60 to 100 kg) pigs in a dose response feeding trial. The control diet included SBM at 14 and 12% for grower and finisher pigs, respectively, whereas in the test diets, pea or faba bean were included at 7.5, 15, 22.5, and 30%, gradually and completely replacing SBM. Diets were formulated to be isoenergetic for NE and with the same standard ileal digestible Lys content. After a 1-wk adaptation period, each diet was available on an ad libitum basis to 4 pens of pigs with 4 pigs per pen (2 entire males and 2 females) for 4 wk. Weekly BW for individual pigs, and pen intakes were recorded to assess ADG, ADFI, and G:F. Finisher pigs were then slaughtered at a commercial slaughter house to record carcass quality and assess skatole and indole concentration in the backfat. There were no effects (P > 0.10) on grower ADG, ADFI, and G:F, but pulse inclusion reduced finisher ADG (P = 0.04), with a quadratic effect of pulse inclusion (P = 0.03), as ADG tended to be reduced over initial inclusion levels only. There were no associated effects (P > 0.10) on ADFI or G:F, and pea and faba bean diets resulted in similar finisher performance. Increasing pulse inclusion linearly increased fecal DM content both in grower pigs (P = 0.02) and finisher pigs (P < 0.01). There were no effects on carcass quality or backfat skatole concentrations, but indole concentraIt has long been thought that the use of pea and faba bean in pig diets are limited due to the presence of antinutritional factors (ANF) and a deficiency in the indispensable AA, Met, and Trp (Gatel, 1994) . Indeed, high inclusion of pea and faba bean in pig diets have historically been associated with reduced pig performance (Crepon, 2006) and boar taint indicators (Madsen et al., 1990) . However, with the introduction of standardized ileal digestibility (SID) for AA and the NE system, the true digestibility of each dietary AA and feed energy value can be more accurately assessed (Stein et al., 2005) , allowing the formulation of nutritionally balanced diets with pea and faba bean that can meet the requirements of pigs. In the present study, we assessed the effects of including different levels of pea or faba bean in nutritionally balanced pig diets at the expense of SBM, on performance of grower and finisher pigs, and carcass quality. We tested the hypothesis that pig performance and carcass quality will be similar when pea and faba bean are used as alternatives for SBM in growing and finishing pig diets.
MATERIALS AND METHODS
The protocol was approved by SRUC's Animal Experiment Committee (AE ED 2009/15).
Animals and Housing
One hundred and forty-four terminal line grower pigs (initial BW, 30.5 ± 0.1 kg) and 144 terminal line finisher pigs (initial BW, 60.8 ± 0.2 kg) were selected from a commercial pig herd (Large White ´ Landrace). Pigs were previously fed commercial SBM-based diets and were allocated to 1 of 9 dietary treatments for each of the grower (30 to 60 kg) and finisher (60 to 100 kg) growing periods, balanced for litter and sex. They were placed in 4.5 by 10 m 2 size pens, with 4 pigs per pen (2 entire males and 2 females), and 4 pens per dietary treatment. Grower and finisher pigs were housed on concrete floors with shavings and access to drinking water at all times. Start dates for each dietary treatment were staggered in accordance with pen and pig availability. Dietary treatments were randomly allocated to available pen and start dates. The 4 replicates for each dietary treatment were tested in time, and as the experiment was conducted from October 2009 to November 2010. Ambient room temperature in the commercial animal house used ranged between 13 and 23°C. Possible impact arising from this seasonal variation in temperature on the experimental outcomes was accounted for through inclusion of season in the statistical models used.
Diets and Performance Measures
Commercial sources of pea ('Prophet'), faba bean (colored-flowered spring bean, 'Fuego'), and SBM were obtained for the experiment (Table 1) . Nine dietary treatments were formulated for both grower and finisher pigs in a dose response feeding trial (Tables 2 and 3) . The control diet, with no pea or faba bean included, contained SBM at 14 and 12% for grower and finisher pigs, respectively. In the pulse-containing diets, pea or faba bean were included at 7.5, 15, 22.5, and 30%, gradually and completely replacing SBM. Diets were formulated to be isoenergetic for NE, with the same SID Lys content, and to meet the minimum requirements of Met, Thr, Trp, Ca, and digestible P (BSAS, 2003) by modifying the inclusion of soybean oil, crystalline AA, and macrominerals. Pulses replaced SBM on a SID Lys basis, and wheat levels were varied to complete the feeds. Other ingredients were kept constant and included barley, molasses, canola meal, wheat feed, and trace element-vitamin premix. Diets were manufactured over 2 batches, with batch 1 being fed to replicates 1 and 2, and batch 2 being fed to replicates 3 and 4. One consignment of commer- 1 Wheat feed = main offal produced from flour milling, and its composition depends on the levels of wheat germ, wheat bran, and wheat middlings. SID = standardized ileal digestible.
2 Provides these quantities per kilogram of complete diet: retinol, 10,000 IU; cholecalciferol, 2000 IU; tocopherol, 50 mg; thiamin, 2 mg; riboflavin, 3 mg; pyridoxine, 2 mg; cyanocobalamin, 30 mg; menadione, 1 mg; nicotinic acid, 20 mg; pantothenic acid, 10 mg; Fe (as FeSO 4 H 2 O), 100 mg; Mn (as MnO), 50 mg; Cu (as CuSO 4 ) 20 mg; Zn (as ZnO) 100.6 mg; I [as Ca(IO 3 ) 2 ], 1 mg; and Se (as NaSeO 4 ), 0.3 mg.
3 The crystalline Lys, Met, Thr, and Trp used had a purity of 77.8, 99.4, 99.3, and 98.5%, respectively. 4 Averaged analyzed composition of the batch 1 and batch 2 diet samples. cially sourced pea and faba bean was used in both batch 1 and batch 2 diets. Each diet was available on an ad libitum basis to grower and finisher pigs. After a 1-wk adaptation period, diets were fed for 4 wk. To ensure there were no carryover effects from the grower into the finisher stage, separate groups of grower and finisher pigs were used to test the grower and finisher diets, respectively. Weekly BW for individual pigs, and pen intakes were recorded to assess ADG, ADFI, and G:F. Pen fecal scores and individual cleanliness scores were taken twice a week using a subjective score ranging from 1 to 4 (Wellock et al., 2006) . Visual fecal (1 = firm, 2 = soft, 3 = mild diarrhea, and 4 = severe diarrhea) and cleanliness (1 = clean, 2 = light contamination with fecal material, 3 = contaminated, and 4 = heavily contaminated) scores were assessed by the same trained individuals. To support the fecal scores, fresh fecal samples were collected from each pen on d 22, 23, and 24 of the trial, and then mixed to provide 1 composite mean sample per pen. Each sample was dried in a hot air oven to a constant weight to provide a pen fecal DM estimate.
Slaughter and Carcass Quality Measurements
Pigs were slaughtered at a commercial slaughterhouse via electrical stunning, followed by exsanguinations, and carcasses were dehaired via scalding, eviscerated, and split vertically down the midline. Hot carcass weights were obtained and backfat depth was measured at a specific site [i.e., the head of the last rib, 5.5 cm from the mid back line (P2), using a probe (Introscope Optical Probe; SFK, Kolding, Denmark)]. Carcasses were then allowed to chill for 24 h before recording cold carcass weights. Backfat samples were taken from the mid back line on the split carcass in the shoulder region just below the head on entire male pigs for analysis of skatole and indole, which are associated with pork boar taint (AnnorFrempong et al., 1997a) . For each individual pig, the percentage of lean meat (% Lean) was calculated as: 66.5 -0.95 × P2 + 0.068 × cold carcass weight (Warriss, 2010) , and killing-out percentage was calculated as: HCW/BW × 100%. Skatole and indole concentration in the backfat samples were quantified (Likens-Nickersin Method; Annor-Frempong et al., 1997b). These data were available from 108 finisher pigs (i.e., the last 3 full replicates with a final BW of 96.0 ± 0.4 kg). Most pigs from the first replicate were processed at a different slaughterhouse, and because different methodologies for P2 assessment were used and backfat retrieval was impossible, slaughter data from whole first replicate were omitted.
Analytical Methods
Diets and ingredients were milled through a 1-mm screen before analysis, and all analyses were performed in duplicate. The CP, Na, Ca, and P contents were analyzed based on standard methodology (AOAC, 1988) . The ADF and NDF contents were determined according to Van Soest et al. (1991) . The AA contents in the pea, SBM, and wheat were determined by near infrared reflectance spectroscopy (NIRS). Samples were radiated with near infrared reflectance (NIR) light and the reflectance was analyzed as compared with a ceramic plate. The resulting spectral data points were converted to AA levels from AA reference data derived from wet chemistry through a prediction model (NIR calibration). Because of a lack of reference data, there are no NIR calibrations available for faba bean. Thus, AA content of the faba bean and the diets were determined by ion-exchange chromatography with post column derivatization with ninhydrin. The AA were oxidized with performic acid, which was neutralized with sodium metabisulfite (Llames and Fontaine, 1994) . The AA were released from the protein by hydrolysis with 6 N HCL for 24 h at 110°C and were quantified with the internal standard method by measuring the absorption of reaction products with ninhydrin at 570 nm. The AA Trp was determined by HPLC with fluorescence detection (extinction 280 nm, emission 356 nm) after alkaline hydrolysis with barium hydroxide octahydrate for 20 h at 110°C (Commission of the European Communities, 2000). The pea and faba bean were also analyzed for trypsin inhibitor activity (Masey-O'Neill et al., 2012) and total phenols (Waterman and Mole, 1994) .
Statistical Analysis
Both performance and slaughter and carcass quality data were analyzed using the REML procedure (GenStat, VSN Int., Hemel Hempstead, UK) with a set of orthogonal contrast statements to find dietary treatment effects of pulse inclusion per se, pulse type, and linear or quadratic effects of pulse inclusion level. We initially also assessed whether pulse type and inclusion level interacted through 2 additional contrast statements but none were statistically significant after required Bonferonni correction for the nonorthogonal nature of this initial set of 6 contrast statements. These were, therefore, omitted from the final analyses used, allowing effects of the 4 remaining contrasts to be considered significant at P < 0.05. For all the growth performance data (ADG, ADFI, and G:F) and fecal DM content, pen number was included as the random effect. Similarly for finisher G:F, killing out %, skatole and indole concentration, pen number was included as the random effect in the model. Inclusion of pen number as a random effect ensures the model only compares the between pen error term; thus, the pen was the experimental unit for all models used. As the experiment ran for more than 1 yr, and 5 seasons were identified to account for variation in temperature Most data are reported as arithmetic means with the pooled SEM, derived from the REML models used. However, the skatole and indole data were log 10 transformed before analysis, and reported as back transformed mean. This was accompanied with the lower and upper back transformed SE ranges. Fecal and cleanliness scores are reported descriptively as they essentially did not vary.
RESULTS
The ADG, ADFI, and G:F of the grower and finisher pigs are shown in Table 4 . Mean ADG, ADFI, and G:F for the grower pigs were 869 ± 41 g, 1964 ± 81 g, and 0.44 ± 0.01 g/g, respectively. The mean ADG, ADFI, and G:F for the finisher pigs were 1000 ± 40 g, 2580 ± 934 g, and 0.38 ± 0.01 g/g, respectively. Dietary treatment did not affect grower ADG, ADFI, and G:F. In contrast, pulse inclusion reduced finisher ADG (P = 0.04), but there was no associated reduction in ADFI or increase in G:F. Pea and faba bean diets resulted in similar finisher performance, but there was a quadratic effect of pulse inclusion level for finisher ADG (P = 0.03). The latter tended to decrease over initial increments of pulse inclusion and then increased over further and final increments in pulse inclusion levels, without impacting finisher ADFI and G:F. Table 5 shows the fecal DM content for the grower and finisher pigs. The mean fecal DM content was 25.6 ± 0.6 and 25.5 ± 0.5% for grower and finisher pigs, respectively. Pulse inclusion increased fecal DM content of both grower (P < 0.01) and finisher (P = 0.03) pigs. In addition, fecal DM content increased with increasing pulse inclusion in both grower (P = 0.02) and finisher (P < 0.01) pigs. There was also a quadratic effect of pulse inclusion on fecal DM content of grower pigs (P = 0.01). This was due to an increase in fecal DM content with the lower pulse inclusion levels but no further increase with the greater inclusion levels.
Pen fecal and individual cleanliness scores were 1 for the grower pigs throughout. For the finisher pigs, 35 out of the 36 pen fecal scores and 143 out of the 144 individual cleanliness scores were also 1 throughout. However, there was 1 pen with a fecal score of 2, and only 1 pig in this pen had a cleanliness score of 2 (both on d 14). 
Grower pigs
Finisher pigs Table 6 shows the slaughter measures (P2, % Lean, and killing out %) and backfat skatole and indole concentrations. The mean P2, % Lean, and killing out % were 11.6 ± 0.6 mm, 60.5 ± 0.5%, and 77.6 ± 1.5%, respectively. The mean skatole and indole concentration in the back fat was 0.08 (0.048 to 0.139) µg/g and 0.03 (0.026 to 0.046) µg/g, respectively. Dietary treatment did not affect P2, % Lean, killing out %, and backfat skatole concentrations, but backfat indole concentrations were linearly reduced with increased pulse inclusion (P = 0.05).
DISCUSSION
The use of pea and faba bean as an alternative protein source in pig diets has long been considered, though early trials indicated that greater than 20% inclusion levels reduced performance (Castell, 1976; Aherne et al., 1977; Gatel and Grosjean, 1990) . The latter may be attributed to ANF (e.g., trypsin inhibitors in pea, and phenolic compounds like tannins in faba bean) and, consequently, plant breeding efforts have produced new cultivars of pea and faba bean with decreased ANF such as 0-tannin faba bean (Jezierny et al., 2010) . Pea and faba bean have also long been considered to have relatively low levels of Met and Trp (Gatel, 1994) , and analysis of the modern cultivars of pea (Prophet) and faba bean (Fuego) used here confirm they remain more deficient in these indispensable AA relative to SBM. Studies using pea diets supplemented with crystalline Met or Trp to correct for this deficiency have shown pig performance comparable to SBM (Gatel and Grosjean, 1990) . Similarly, a small number of trials supplementing faba bean diets with crystalline AA demonstrate improved performance (Crepon, 2006) . Thus, greater pea and faba bean inclusion levels may be attainable provided diets are balanced for the limiting AA. The results of our current study confirm this position.
We formulated our diets with the SID AA and NE systems to produce nutritionally balanced diets for grower and finisher pigs. Consistent with our hypothesis, and in contrast to earlier studies on pea Keady, 2000, 2001) or faba bean (O'Doherty and McKeon, 2001; Partanen et al., 2003) , we did not observe a dietary threshold level for pea or faba bean beyond which performance was reduced. It should be noted that the diets in the aforementioned studies were not formulated to ensure that deficiencies of either Met or Trp did not limit performance. Furthermore, the results here are in agreement with recent studies where pea-rich diets were balanced for indispensable AA and performance was similar to SBM controls (Stein et al., 2004 (Stein et al., , 2006 .
Although feeding treatment diets did not affect grower pig performance, finisher ADG was reduced through inclusion of pea or faba bean. This was unexpected as previous studies showed reduced performance during the grower stage, but not during the finisher stage (O'Doherty and Keady, 2001; O'Doherty and McKeon, 2001; Shelton et al., 2001; Zijlstra et al., 2008) , , and moreover, above a certain threshold rather than at lower pulse inclusion levels as our observed quadratic effect would indicate. These responses are unlikely due to variation in AA or calculated DE contents. They are also unlikely due to increased dietary ANF levels arising from pulse inclusion, as trypsin inhibitor activity and tannin levels of the pea and bean varieties used are low and have recently been shown not to impact ileal AA digestibility (Masey-O'Neill et al., 2012) . As the detrimental effect on finisher ADG did not concur with effects on ADFI or G:F, it cannot be excluded that the observed effect was a chance finding. Because the grower and finisher diets were tested on different groups of pigs, we are unable to test dietary treatment effects for growers and finishers combined. However, given that there were no effects during the grower period, any effects of pulse inclusion over the whole grower and finisher period could be small or not present at all, which is in agreement with studies on pea reported elsewhere (Stein et al., 2006) . Legume seeds have relatively high concentrations of oligosaccharides (raffinose and stachyose), which are indigestible but highly fermentable for nonruminant species (Houdijk et al., 2002) . Excessive consumption of such oligosaccharides can result in loose feces or diarrhea (Saini, 1989; Jezierny et al., 2010) . Similarly, ANF ingestion could also lead to softer feces, as observed for tannins in sheep (Athanasiadou et al., 2001 ). However, the measured fecal DM contents and subjective visual fecal and cleanliness scores showed that no loose feces or diarrhea occurred in pigs fed the pulse diets, including those with the greatest inclusion levels where dietary oligosaccharide and ANF levels would have been the greatest. Our observations that fecal DM was in fact increased agree with van der Meulen and Jansman (2010), who found that pea and faba bean hulls increased intestinal fluid absorption in enterotoxigenic Escherichia coli-infected pigs. Although the functional basis of these observations requires further investigation, it can be concluded that inclusion of pea and faba bean in nutritionally balanced growing and finishing pig diets unlikely result in loose feces or diarrhea.
Dietary treatment did not affect any of the carcass measurements. This is in agreement with a range of studies showing no effect of pea or faba bean diets on slaughter measures (Castell, 1976; Onaghise and Bowland, 1977; Edwards et al., 1987; O'Doherty and Keady, 2000; Partanen et al., 2003; Stein et al., 2006) . Additionally, the mean P2 values were not greater than the 12 mm upper limit for premium carcass payment in the United Kingdom (Whittemore and Kyriazakis, 2006) , indicating there are no negative effects on slaughter measures associated with exchanging SBM for pea or faba bean.
Skatole, in addition to androstenone, is considered a main contributor of boar taint in pork, and a diet can play an important role in the control of skatole (Lundström et al., 1988) . Although it has been suggested that inclusion of pea in pig diets resulted in increased backfat skatole concentration (Madsen et al., 1990) , this was not observed in the current experiment. Furthermore, there was no effect of either home grown pulse inclusion or pea vs. faba bean on skatole concentration. Increased indole concentrations may lead to a greater perception of boar taint, especially when skatole concentrations are low (Annor-Frempong et al., 1997b) . However, if anything, pulse inclusion tended to reduce backfat indole concentration. Therefore, our data strongly indicate that pea and faba bean inclusion in nutritionally balanced pig diets will unlikely influence the relationship between skatole and indole and the perception of taint. O'Doherty and Keady (2000) also showed that feeding 40% pea diets did not affect backfat skatole and indole concentrations. Furthermore, the mean skatole concentrations determined were all below the currently accepted threshold levels of 0.2 µg/g backfat for boar taint detection (Lundström et al., 2009 ). This agrees with taste panel studies showing no effect of high inclusion (>30%) of pea or faba bean in pig diets on pork palatability (Partanen et al., 2003; Stein et al., 2006) .
In conclusion, results from the present study indicate that up to 30% inclusion of pea and faba bean in nutritionally balanced grower and finisher pig diets may slightly reduce growth rate in finisher pigs, but is unlikely to affect the overall performance of pigs from grower to slaughter, their fecal consistency, and their meat quality characteristics. Thus, pea and faba bean are a potentially viable alternative to SBM in nutritionally balanced grower and finisher pig diets, even though they are subjected to other constraints including their price (Crepon, 2006) and environmental impact (Leinonen et al., 2012; Topp et al., 2012) .
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